Little is known about the regulation of neuronal and other cell-type specific epigenomes from the brain. Here, we map the genomewide distribution of trimethylated histone H3K4 (H3K4me3), a mark associated with transcriptional regulation, in neuronal and nonneuronal nuclei collected from prefrontal cortex (PFC) of 11 individuals ranging in age from 0.5 to 69 years. Massively parallel sequencing identified 12, 704 H3K4me3 enriched regions (peaks), the majority located proximal to (within 2 kb of) the transcription start site (TSS) of annotated genes. These included peaks shared by neurons in comparison with three control (lymphocyte) cell types, as well as peaks specific to individual subjects. We identified 6,213 genes that show highly enriched H3K4me3 in neurons versus control. At least 1,370 loci, including annotated genes and novel transcripts, were selectively tagged with H3K4me3 in neuronal but not in nonneuronal PFC chromatin. Our results reveal agecorrelated neuronal epigenome reorganization, including decreased H3K4me3 at approximately 600 genes (many function in developmental processes) during the first year after birth. In comparison, the epigenome of aging (>60 years) PFC neurons showed less extensive changes, including increased H3K4me3 at 100 genes. These findings demonstrate that H3K4me3 in human PFC is highly regulated in a cell type-and subject-specific manner and highlight the importance of early childhood for developmentally regulated chromatin remodeling in prefrontal neurons.
D
evelopmentally regulated changes in histone modifications and DNA methylation, shaping gene expression patterns and genome organization, are critical intermediates for numerous genetic and environmental factors affecting neuronal functions in healthy and diseased brains (1) . For example, there is increasing evidence that epigenetic alterations in the cerebral cortex and hippocampus play an important role in the etiology of schizophrenia and other neurodevelopmental disease (2, 3) . Cortical neurons permanently exit from the cell cycle during the fetal period, before the dramatic changes in functional connectivity, both on a micro-(e.g., synapse) and macroscale (e.g., network activity, cortical gray matter volumes), that extend into early childhood years and continue throughout adolescence and even beyond (4, 5) . To date, however, comprehensive and genomewide maps of neuronal epigenomes, and their developmental trajectories, do not exist. This critical deficiency in epigenetic information, as it pertains to the human-and more generally animal-brain, finally can be addressed because recently it became possible to efficiently separate neuronal chromatin from other chromatin in tissue, thereby avoiding potential confounds such as the highly dynamic changes in glia cell densities during cortical ontogenesis and maturation (6) . Here, we employ ChIP-Seq (7) to study the genome-wide distribution of histone H3K4 trimethylation (H3K4me3)-an epigenetic mark highly enriched at start sites of actual or potential transcription (8)-in neuronal nuclei from the human prefrontal cortex. We present neuronal epigenomes from human brains, highlight commonalities and differences between individual subjects, and identify neuron-specific chromatin signatures and novel transcripts. Our results also indicate that large scale neuronal chromatin remodeling occurs in early childhood. Exploration of cell type-specific epigenomes will provide insights into mechanisms of normal and diseased neurodevelopment, thereby potentially transforming human brain research.
Results
H3K4me3 Landscapes of PFC Neurons. We isolated nuclei from the poles of the frontal lobes of 11 subjects (age range 0.5-69 years, median = 4.71 years; Materials and Methods) and sorted for the NeuN positive (NeuN+) population by FACS (Fig. 1A) . NeuN is a marker specific for mature neurons and expressed by a large majority of glutamatergic (excitatory) and GABAergic (inhibitory) neurons (9, 10) . We generated genome-wide maps of the H3K4me3 mark from chromatin prepared by micrococcal nuclease digest, using ChIP-Seq in conjunction with an Illumina Solexa sequencing platform (Materials and Methods). For each neuronal (NeuN+) sample, 2.1-8.3 million 36-nt sequence tags were obtained, 67-87% of which mapped to unique locations in the human genome (Table  S1 ). For 2 of the 11 subjects, the NeuN− samples, which are primarily comprised of nonneuronal cells (including glia, microglia, and endothelium), were also processed by ChIP-Seq.
To obtain a genome-wide assessment of the 13 datasets (11 NeuN+ and 2 NeuN−), we computed Pearson correlation coefficients (r) between all pairs of datasets based on tag counts in 20,324 annotated promoters [the RefSeq track of the University of California Santa Cruz (UCSC) genome browser]. We also included three publicly available H3K4me3 ChIP-Seq datasets as control: CD4 + T lymphocytes (11) , and the K562 [chronic myelogenous leukemia (CML)] and GM12878 (lymphoblastoid) cell lines (12) . The 11 prefrontal NeuN+ samples are highly correlated (r in the range of 0.92-0.98), substantially higher than their correlations with the 2 NeuN− datasets (r = 0.68-0.78), and further higher than the 3 lymphocyte-derived datasets (r = 0.46-0.60) (Fig. 2 Lower) . Furthermore, the highest Author contributions: I.C., Z.W., and S.A. designed research; I.C., Y.J., and A.M. performed research; H.P.S., J.W., and Z.W. analyzed data; and I.C., H.P.S., Z.W., and S.A. wrote the paper.
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This article contains supporting information online at www.pnas.org/lookup/suppl/doi:10. 1073/pnas.1001702107/-/DCSupplemental. correlations were found between NeuN+ samples of similar ages (Fig. 2 Upper) . No gender-specific pattern is apparent from the correlation analysis. Five male-specific H3K4me3 peaks are near annotated genes on the Y-chromosome (Fig. S1 A and B) , one of which is associated with NLGN4Y, a cell adhesion gene highly expressed in the PFC of young males (13) that could play a role in some cases of autism (14) . Some of the remaining genes, including ZFY, were also mentioned in an earlier work on gender-related transcriptome differences in the human PFC (15) .
From the above genome-wide correlation analysis on known promoters we draw two conclusions. First, the H3K4me3 epigenome is cell type-specific: it is differentially regulated in neurons in comparison with nonneuronal cells in the prefrontal cortex of an individual. Second, the H3K4me3 epigenome undergoes age-correlated reorganization in prefrontal neurons.
There were 12,732-19,704 statistically enriched regions for the 11 neuronal samples compared with the 3 lymphocyte samples (Materials and Methods) (Table S2 ). We will refer to these regions as neuron-enriched H3K4me3 peaks (or simply peaks when there is no ambiguity) throughout this paper. The peaks average approximately 1.3 kb, and 69-81% of them were proximal to (within 2 kb of) the transcription start site (TSS) of a RefSeq gene (Table S2 ). When normalized for sequencing depth, the percentages of proximal peaks became even higher (77-84%) (Table S2 ). Postmortem confounds-tissue pH and postmortem interval-do not show significant correlations with the percentage of gene proximal peaks (r = 0.50 and 0.58; P value = 0.06 and 0.12), in agreement with a previous study based on individual genes (16) . Fig. 1B shows the H3K4me3 peak at the TSS of PPP1R1B (commonly known as DARPP32), a well studied target gene of dopaminergic pathways (17) , and Fig. 1C shows peaks at multiple TSSs of neuregulin 1 (NRG1), a prominent schizophrenia susceptibility gene (18) .
Neuron-Specific Signatures Within the H3K4me3 Epigenome. The neuron-enriched H3K4me3 peaks among the 11 neuronal samples overlapped greatly, with 90-99.9% of the peaks in one sample overlapping with the peaks in at least one other sample (Table S2) . We identified 7,949 peaks that are enriched in all 11 neuronal samples compared with 3 lymphocyte samples (see Materials and Methods), and 6,394 (80%) of these peaks are proximal to 6,213 RefSeq genes. Strikingly, the genes near these 6,394 peaks are enriched in 179 tightly connected gene ontology (GO) categories (false discovery rate (FDR) cutoff 0.0001), all of which are related to neuronal signaling (Table S3) . Under an even stricter cutoff (see Materials and Methods) there are still 1,721 neuron-enriched peaks, proximal to 1,682 genes. The neuron-related GO enrichment became even more significant for these 1,682 genes (the most significant GO biological processes are shown in Fig. 3 and the entire list is in Table S3 ). Among the most specific categories in biological process is axon guidance (26/68 genes, FDR = 7.6 e , and 4.6 e
−11
). Fig. 3 shows that there are two tightly connected components in the enriched biological processes, one centered on neuron development and the other on synaptic transmission. Among the genes with neuron-specific H3K4me3 peaks are many key regulators of prefrontal function and cognition, including multiple NMDA and AMPA receptor subunits (GRIN1/2A/2B, GRIA2) and neuron-specific nitric oxide synthase (NOS1) (19) . To investigate why these neuron-specific H3K4me3 peaks are not present in lymphocytes, we aggregated two repressive histone marks, H3K27me3 and H3K9me3, around these peaks in CD4 + T cells and found H3K27me3 to be substantially elevated compared with the average signals around the H4K4me3 peaks in T cells ( Fig. S1 C and D) . We conclude that there are thousands of loci that are significantly enriched in H3K4me3 in the neurons of all 11 examined individuals compared with the 3 lymphocyte samples. These loci are defined by high levels of (open chromatin-associated) H3K4me3 in PFC neurons, and, conversely, high levels of (repressive chromatin-associated) H3K27me3 in lymphocytes.
We also identified H3K4me3 peaks in each of the two NeuN− samples compared with the three lymphocyte samples (Table S2) . Among the aforementioned 7,949 peaks that are enriched in all 11 neuronal samples, 3,531 peaks overlap with peaks in both NeuN− samples (among them 2,834 peaks are proximal to 2,777 genes) and 1,370 peaks do not overlap with any peaks in either of the NeuN− samples (among them 909 peaks are proximal to 893 genes). The 2,777 genes that are marked by H3K4me3 in both neuronal (NeuN+) and nonneuronal (NeuN−) samples are enriched in 103 highly brain-specific GO categories, with the most significant biological process being nervous system development (Table S4 ). The 893 genes that are marked by H3K4me3 in all neuronal samples, but not in either of the NeuN− samples, are also enriched in highly neuron-specific GO categories, with the most significant GO biological process being synaptic transmission ( Table S5 ). Note that nervous system development and synaptic transmission fall into the two tightly connected components of 
Neuron-Specific H3K4me3 Localizes to Hundreds of Nonannotated
Transcripts. Among the 1,370 peaks that are shared by all NeuN+ neuronal samples but not present in lymphocytes or the NeuN− samples, 461 are more than 2 kb from the 5′-ends of any RefSeq genes. Most of these peaks (337/461, or 73%) overlap with annotated CpG islands (Table S6 ). This level of overlap with CpG islands is only slightly lower than the neuron-specific peaks that are within 2 kb of RefSeq genes (91%), indicating that a high percentage of the 461 peaks correspond to bona fide TSSs. Indeed, 404 of the 461 (88%) peaks were positioned within 2 kb of expressed sequence tags (ESTs) ( Table S6) . We experimentally tested a subset of the peaks that were positioned more than 10 kb from annotated genes for RNA expression in PFC neurons by qRT-PCR and in situ hybridization. One transcript, located on Chr 9 (Fig. 4A ), which appears to be primate-specific, shows particularly high level of expression in PFC pyramidal neurons positioned in cortical layer III (Fig. 4B) . We conclude that H3K4me3 mapping can serve as a guide to uncover potentially hundreds of unannotated novel and cell-specific transcripts in the brain.
H3K4me3 Peaks Distinct in Individual Epigenomes. Each neuronal sample contains peaks that are specific to that individual. Among these subject-specific peaks, 64-91% overlap with ESTs. In addition, 5-66% overlap with CpG islands (Table S7 ). In the two individuals for which we obtained both NeuN+ and NeuN− data, 4/81 (5%) and 301/517 (58%) of subject-specific peaks in the NeuN+ fraction are also present in the NeuN− fraction of the same individuals. Taken together, it is unlikely that these subject-specific peaks are artifacts.
We analyzed the distribution of the subject-specific peaks and found that only a smaller fraction of them are located within 2 kb of an annotated TSS (Fig. 5B) , in striking contrast to the large portion (80%) of gene-proximal peaks common to all 11 individuals (Fig.  5A) . Conversely, the proportion of subject-specific peaks positioned 2-10 kb from annotated TSSs is 10-25%, and the proportion positioned more than 10 kb from annotated TSSs is 26-69%, or 2-to 4-fold higher than the proportions of TSS distal peaks common to all samples (Fig. 5B) . Thus, some of these subject-specific peaks may correspond to novel noncoding transcripts.
Remodeling of PFC Neuron Chromatin During Postnatal Development.
Pearson correlation analyses for H3K4me3 marking within 2 kb of annotated TSS revealed that PFC NeuN+ samples show agerelated correlation (Fig. 2 Upper). To further explore this agerelated remodeling of the H3K4me3 epigenome, we compared the three youngest samples (all less than 1 year of age) with those from the three oldest samples (all more than 60-years-old). Indeed, 589 gene-proximal peaks (corresponding to 556 genes) are marked in infant neurons but not in any of the oldest samples. For example, genes specific to infant brains include NEUROD1 and other transcription factors implicated in neurogenesis, multiple members of the semaphorin and cadherin families of adhesion molecules (SEMA3A/3F/6A, CDH3/9), and many others that are of fundamental importance for neuronal growth and differentiation and connectivity formation in cerebral cortex and other brain regions (Table S8 ). In contrast, fewer H3K4me3 peaks are specific to the three oldest (more than 60-years-old) samples compared with infants; 101 genes are selectively marked by H3K4me3 in the aged samples, but no significant GO enrichment was observed. Our results indicate significant remodeling of H3K4 methylation during postnatal development and aging of prefrontal neurons, with the number of de(H3K4 tri)methylated genes outnumbering genes with increased H3K4me3 methylation in a 6:1 ratio.
Taken together, our observations point to significant epigenome reorganization during the transition from the postnatal period and early infancy to later phases of childhood. Although the epigenomes of PFC neurons are highly similar between all individuals we examined (Fig. 2 Lower), greater similarity was observed for individuals closer in age (Fig. 2 Upper).
Discussion
In this study, we mapped genome-wide H3K4me3 in the prefrontal neurons of 11 humans. We observed sharp peaks, most of which are proximal to annotated TSSs. The majority of the remaining peaks overlap annotated CpG islands and are near ESTs, suggesting that they correspond to novel TSSs. Thousands of genes are associated with peaks common to all 11 samples, but not present in CD4 + lymphocytes and two lymphocyte-derived cell lines, and several 
hundreds of these are not present in the nonneuronal cells of the PFC. These genes fall into a small set of closely related GO categories describing neuronal activities. These peaks have elevated H3K27me3 in lymphocytes, suggesting that a subset of neuronspecific genes is genetically marked for repression in peripheral tissues. Taken together, these findings in the brain are consistent with studies in peripheral cells and other eukaryote systems reporting that H3K4me3 is linked to transcriptional initiation complex and activated RNA polymerase II, thereby providing a docking site at the 5′end of genes for chromatin remodeling complexes that either facilitate or repress transcription (20) .
The sorting of NeuN+ nuclei allowed us to monitor changes in the histone methylation landscape of terminally differentiated neurons after birth and in early childhood, a development period defined by rapid gliogenesis and changes in neuron-to-glia ratio, which would confound interpretation of chromatin studies from tissue homogenates (21) . The findings presented here point to epigenome reorganization in prefrontal neurons during the first year of postnatal life. This reorganization could be best described as an erasure/ demethylation at hundreds of genes associated with developmental processes and additional "pruning" at sites that are not consistently methylated in epigenomes from different subjects at a more advanced age. Importantly, deleterious mutations in the H3K4-specific demethylase JARID1C/SMCX are thought to play a causal role in some cases with X-linked mental retardation and autism spectrum disorder (22) (23) (24) , and at least one of the H3K4-specific methyltransferases, MLL1, is essential for cortical and hippocampal development and could play a role in the neurobiology of some cases with schizophrenia (25) (26) (27) . These findings, when taken in the context of the present study, highlight the delicate balance of H3K4 trimethylation and demethylation events in young PFC neurons, with important implication for neurodevelopmental disorders.
Individual differences in problem solving and cognition are thought to involve the PFC and other neocortical association fields. Although PFC function is found to be affected by mutations and polymorphisms of an increasing number of genes (28), the role of epigenetic factors is less well understood. Our findings suggest that a subset of H3K4me3 peaks in PFC neurons from a particular individual that are not shared with other subjects points to a potential "uniqueness" of prefrontal epigenomes. Given that the distinctness of individual epigenomes in the present study can be detected with moderate sequencing depth (on average, 4.4 million reads per sample), it should be feasible to explore the epigenetic underpinnings of individual differences in cognitive abilities, personality traits, or maladaptive behaviors (2) by ChIP-Seq screening of chromatin marks in larger cohorts. Finally, the approach present here can be easily extended to map neuronal epigenomes across different anatomical areas or even for specific neuronal subpopulations. A better understanding of region-and cell-specific epigenomes is likely to shed new light on the developmental and evolutionary history of the human and primate brain.
Materials and Methods
Postmortem Brain Samples. Human prefrontal cortex samples used in this study were obtained from the Brain and Tissue Bank for Developmental Disorders, University of Maryland (Director: R. Zielke) and a brain bank at the University of California, Irvine (Director: W. E. Bunney, Jr.). Procedures were approved by the Institutional Review Board of the University of Massachusetts Medical School. See Table S1 for detailed and case-by-case information on demographics and postmortem parameters.
Nuclei Extraction and FACS. Nuclei extraction was carried out essentially as described in Jiang et al. (6) . 250 mg of tissue was homogenized in 5 mL of lysis buffer (0.32 M sucrose, 10 mM Tris pH 8.0, 5 mM CaCl 2 , 3 mM Mg acetate, 1 mM DTT, 0.1 mM EDTA, 0.1% Triton X-100) by douncing 50 times in a 7-mL dounce homogenizer. Lysate is transferred to a 14 mL ultracentrifugation tube (Beckman; 14 × 95 mm; 344061), and 9 mL of sucrose solution (1.8 M sucrose, 10 mM Tris pH 8.0, 3 mM Mg acetate, 1 mM DTT) is pipetted directly to the bottom of the tube. Four tubes were prepared for each sample so in total 1 g of tissue was used. Ultracentrifugation was carried out at 24,400 rpm for 2.5 h at 4°C (Beckman; L8-70 M; SW80 rotor). After centrifugation, the two layers of solutions were removed by aspiration. Each nuclei pellet was resuspended in 500 μL PBS and all four were pooled together.
Nuclei were incubated in staining mix [0.72% normal goat serum, 0.036% BSA, 1:1200 anti-NeuN (Millipore), 1:1400 Alexa488 goat anti-mouse secondary antibody (Invitrogen)] for at least 45 min by rotating in dark at 4°C. A small fraction of the nuclei was used in stained control where anti-NeuN was omitted. FACS was done at the University of Massachusetts Medical School Flow Cytometry Core Lab on a FACSVantage SE flow cytometer. To pellet the sorted nuclei, 2 mL of sucrose solution, 50 μL of 1 M CaCl 2 and 30 μL of Mg acetate were added to 10 mL of nuclei in PBS, incubated on ice for 15 min, then centrifuged at 3,000 rpm for 15 min. The nuclei pellet was resuspended in a buffer containing 10 mM Tris (pH 7.5), 4 mM MgCl 2 , and 1 mM CaCl 2 . Fluorescence images of nuclei were acquired by Slidebook 4 (Intelligent Imaging Innovations) on a Axiovert 200 M (Carl Zeiss).
Chromatin-Immunoprecipitation. Prewarmed nuclei in 400 μL were digested with micrococcal nuclease (4 U/mL) at 37°C for 5 min. Reaction was stopped and nuclei were lysed by adding 40 μL of 0.5 M EDTA and kept on ice; 900 μL of 0.2 mM EDTA with 0.1 mM Benzamidin, 0.1 mM PMSF, and 1 mM DTT was added to lysed nuclei and precleared by Protein G Agarose (Millipore) for 0.5 h at 4°C. After spinning down beads, 1 mL of supernatant was transferred to a new tube, and chromatin immunoprecipitation was carried out by addition of 50 mM NaCl, 20 mM Tris pH 7.5, 5 mM EDTA, and anti-H3K4me3 (1:315; Upstate; 07-473) at 4°C overnight. Immunoprecipitated chromatin was recovered by rotating with Protein G Agarose for 1 h, and beads were washed for 3 min each at RT in low salt buffer (150 mM NaCl, 10 mM Tris pH 8.0, 2 mM EDTA, 1% Triton X-100, 0.1% SDS), followed by high salt buffer (500 mM NaCl, 20 mM Tris pH 8.0, 2 mM EDTA, 1% Triton X-100, 0.1% SDS), followed by lithium chloride buffer (250 mM LiCl, 10 mM Tri pH 8.0, 1 mM EDTA, 1% Deoxycholic acid, 1% IGEPAL), followed by TE buffer (10 mM Tris pH 8.0, 1 mM EDTA). Bound chromatin was eluted in 0.1 M NaHCO 3 and 1% SDS twice, first by rotating for 15 min, then by vortexing 15 min at room temperature (RT); 40 mM Tris pH 6.5, 10 mM EDTA, and 50 μg/mL of Proteinase K were added to the eluted chromatin and incubated at 52°C for 3-4 h. DNA was purified by phenol-chloroform extraction, and precipitated by ethanol overnight. DNA pellet was washed twice with 70% ethanol and resuspended in 4 mM Tris pH 8.0.
ChIP-Seq Library Construction. ChIPed DNA was first blunt-ended by End-it DNA Repair Kit (Epicentre) at RT for 1 hr. Reaction was cleaned by column (Qiagen), and DNA was A-tailed by exo -Klenow DNA Polymerase (Epicentre) at RT for 1 hr. Reaction was again cleaned by column, and DNA was ligated to Genomic Adpator Oligo Mix (Illumina) by Fast-link DNA Ligation Kit (Epicentre) at RT for 2 h followed by 16°C O/N. Reaction was cleaned by column, and ligated DNA was amplified using PfuUltra II Fusion HS DNA Polymerase (Stratagene) with 250 μM dNTPs and 1 μL of each of the Genomic PCR Primers (Illimina) in 100 μL volume with the following cycling conditions: 95°C 1 min; 15 cycles of 95°C 50 sec, 65°C 1 min, 72°C 30 sec; 72°C 5 min. PCR product was cleaned and volume reduced by column before loading onto a 1.8% agarose gel. Typically a strong smear of 160-230 bp (including 92 bp from the Illumina primers) was observed. Occasionally another smear of less intensity at around 400 bp, likely representing di-nucleosomal DNA, was also observed. The smaller smear was cut out and gel purified. Libraries were sequenced by an Illumina Genome Analyzer (GA II). Images were analyzed using GAPipeline (versions 1.0 and 1.4).
Data Analysis. Length of sequence reads was 36 bp. We used Bowtie (version 0.11.3) allowing up to one mismatch (29) to map all sequence reads to the gender appropriate human genome HG18, and 67-87% of the reads in the neuronal samples mapped to one unique location in the genome. Reads that were mapped to multiple locations in the genome were discarded for subsequent data analysis. Summary statistics on all 11 NeuN+ and the 2 NeuN− samples are presented in Table S1 . Additional H3K4me3 ChIP-Seq data were obtained for CD4 + T cells (11) , and for two cell lines (GM12878 and K562) from the UCSC ENCODE webpage (12) .
We analyzed genome-matching reads with the MACS software ((30) (version 1.3.5) with bw = 230 bp, as defined experimentally by PCR, tSize = 36 bp, and peaks common to all 11 subjects in relation to annotated TSSs (<2 kb, 2-10 kb, > 10 kb as indicated) (B) Same as in A but for subject specific peaks. Numbers are expressed as mean ± SEM with n = 11. Notice different distribution patterns of "common," in A, and "subject specific" peaks, in B.
other parameters set at default. MACS reports genomic regions that are statistically enriched in H3K4me3; these regions are called H3K4me3 peaks or simply peaks when there is no ambiguity. We detected peaks that were enriched in each of the 11 NeuN+ and 2 NeuN− samples against the three lymphocyte samples pooled using MACS, by requiring MACS P value < 1e −5 and normalized tag density in the neuronal samples > 0.005 ppm (normalized for sequencing depth).
To calculate the Pearson correlation heatmap (Fig. 2) , each distinct TSS was accounted for separately and the region within 2 kb of a TSS was defined as the promoter of the TSS. The TSS set was defined with the RefSeq gene set from UCSC genome browser, which contained 21,432 genes, 32,914 transcripts and 24,791 unique TSSs. Promoters for TSSs that were less than 2 kb apart were merged to avoid double counting. Number of tags within each promoter was tallied and divided by size of the regions and the resulting tag densities for all annotated TSSs were used to compute Pearson correlation coefficients between each pair of samples.
To detect peaks that were enriched in H3K4me3 in all 11 neuronal samples compared with the 3 lymphocytes, we used the following criteria: (i) P value < 1e −10 computed by the MACS algorithm run with all 11 neuronal samples pooled against 3 lymphocyte samples pooled; (ii) log-ratio (base 2) of average tag density between pooled neuronal and lymphocyte samples > 1; (iii) normalized tag density in the pooled neuronal sample > 0.005 ppm; (iv) P value for t test on tag density between 11 neuronal samples against 3 lymphocyte samples <2e −2 ; and (v) the peaks defined with the pooled neuronal sample against the pooled lymphocyte sample overlap with peaks in each of the 11 neuronal samples against the pooled lymphocyte sample (MACS P value < 1e −5 ). These criteria resulted in 7,949 peaks and 6,394 of them are proximal to TSS. The list of these peaks is provided in Table S3 . We also used a stricter set of criteria for detecting peaks that are enriched in H3K4me3 in all 11 neuronal samples compared with the 3 lymphocytes: (i) MACS P value < 1e
−100 run with all 11 neuronal samples pooled against 3 lymphocyte samples pooled; (ii) log-ratio (base 2) of average tag density between pooled neuronal and lymphocyte samples > 2; (iii) same as above; (iv) P value for t test on tag density between 11 neuronal samples against 3 lymphocyte samples < 1e ; and (v) same as above. These criteria resulted in 2,148 peaks and 1,721 of them are proximal to TSS.
We used the following criteria to detect peaks that were enriched in H3K4me3 in the three infant neuronal samples compared with the three oldest neuronal samples: (i) MACS P value < 1e −10 run with the three infant samples pooled against the three oldest samples pooled; (ii) log-ratio (base 2) of average tag density between pooled neuronal and lymphocyte samples > 0.7; (iii) normalized tag density in the pooled neuronal sample > 0.005 ppm; (iv) P value for t test on tag density between three infant samples against the three old samples < 0.15. We obtained 1,292 peaks that are enriched in H3K4me3 in the three infant samples and 589 are proximal to TSS. We used the reciprocal criteria and detected 317 peaks that were enriched in H3K4me3 in the three oldest samples and 101 were proximal to TSS. We used the following criteria to detect subject-specific peaks, which were unique to eachneuronal sample against the other10 neuronal samples (1):MACS P value < 1e −5 run with the sample of interest against 10 other neuronal samples pooled (2); log-ratio (base 2) of tag density between the given and 10 other samples > 1 (3); normalized tag density in the given neuronal sample > 0.005 ppm. We used the DAVID 2008 web-server (31)for detecting enriched GO (Gene Ontology) categories (32) .
Peaks from different individuals were compared with each other and with other publicly available ChIP-Seq datasets. Overlap was recorded if two peaks overlapped by one or more bps. All analyses were performed with custom-built PERL scripts.
To test whether a peak was in the vicinity of genomic annotations (e.g., TSSs, CpG islands, and EST), we used datasets on ESTs, CpG islands, and TSSs downloaded from the UCSC genome browser (http://genome.ucsc.edu).
As sequencing depth increases, weaker peaks become detectable. Therefore, datasets with a larger number of tags could result in a larger number of significant peaks at the same FDR cutoff. To ensure that the results we obtained were not biased by this tendency, we performed exactly the same calculations for normalized sets, by randomly removing tags from the samples until the total number of tags became equal for each sample. The statistics about unique/common samples, overlap with two ENCODE cell lines, and distance to TSSs remained similar with the normalized datasets.
Analysis of the correlation of percent proximal peaks with PMI and pH values of the samples was performed on the normalized sets. Sampling was repeated ten times for each brain and the average was reported.
In Situ Hybridization. In vitro transcribed RNA was labeled with digoxigenin according to manufacturer's instructions (Roche). RNA probes used were between 113 nt and 191 nt. In situ hybridization was done as described previously (22) .
Supporting Information
Cheung et al. 10 .1073/pnas.1001702107 Other Supporting Information Files
